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Objectives/Hypothesis: Different reconstructive options are available for defects following total laryngectomy (TL) and
circumferential (CH) or partial hypopharyngectomy (PH). We evaluated the flap success, pharyngocutaneous fistula, and phar-
yngoesophageal stenosis rates in two groups of patients treated by different policies.
Study Design: Comparison between two cohorts of patients treated by TL with PH/CH 6 cervical esophagectomy and
reconstructed according to different strategies.
Methods: Group A (historical) was composed of 89 patients reconstructed by pectoralis major myocutaneous (PMMC),
radial forearm (RF), and anterolateral thigh (ALT) flaps. A salivary bypass stent (SBPS) was not routinely applied and left in
place for a maximum of 14 days. Forty-four (49%) patients received preoperative radiotherapy/chemoradiotherapy (RT/CRT).
Group B (prospective) included 105 patients reconstructed by RF or ALT with long-lasting SBPS left in place for a maximum
of 45 days. Sixty-one (59%) received preoperative RT/CRT.
Results: In group A, flap failure occurred in four (4%) cases, and all were managed by PMMC. We encountered 22
(26%) fistulas and 14 (16%) stenoses. In group B, flap failure occurred in six (6%) cases and was managed by PMMC. We
encountered seven (7%) fistulas and three (3%) stenoses. Comparing complications among the two groups, we encountered a
statistically significant difference in favor of group B for both fistula (P < .001) and stenosis (P 5 .001). We did not evidence
any significant difference in terms of flap success rate.
Conclusions: First-line application of RF and ALT free flaps with long-lasting SBPS in reconstruction after PH/CH allows
obtaining reduced incidences of both fistula and stenosis.
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for hypopharyngeal squamous cell carcinoma (HSCC)
remains a challenge in head and neck surgical practice.
The ideal reconstructive technique for such defects, possibly
involving the cervical esophagus, should be that with the
lowest ensuing morbidity (especially in terms of fistula and
stricture rates) and mortality, as well as the most rapid
and efficient swallowing rehabilitation. The minimum
amount of healthy mucosa necessary to primarily close the
neopharynx without excessive risk of pharyngocutaneous
fistula (PCF) and/or postoperative stenosis is considered to
be at least 2.5 cm.1 However, even in na€ıve HSCC to be
treated by total laryngectomy (TL) with partial hypophar-
yngectomy (PH), this must be considered more the excep-
tion than the rule. Moreover, the contemporary tendency to
primarily treat HSCC by nonsurgical organ preservation
strategies generally hampers the possibility to primarily
close a swollen and devascularized hypopharyngeal mucosa
even when the amount of residual tissue should exceed
2.5 cm.
Currently, fasciocutaneous free flaps, in particular
radial forearm (RF)2–9 and anterolateral thigh (ALT),5,9–17
are considered among the main options for such a recon-
structive purpose, especially considering the high rates of
PCF and stenosis generally observed after pectoralis
major myocutaneous (PMMC) pedicled flap,5,7,9,15,18–21
and the non-negligible complication rate associated with a
jejunum free flap.5,7,9,15,22–38
The aim of the present report was to describe our
reconstructive policy and technique after TL and PH or
circumferential hypopharyngectomy (CH), with or with-
out cervical esophagectomy (CE), analyzing flap failure,
complications, PCF, and pharyngoesophageal stricture
(PES) rates observed in a partially retrospective, par-
tially prospective clinical series of HSCC treated in the
same tertiary academic institution.
MATERIALS AND METHODS
This study is based on the comparison between two groups
of patients submitted to TL and PH or CH with/without CE for
pT3–T4 and rypT2–T4 HSCC followed by primary reconstruc-
tion at the Department of Otorhinolaryngology Head and Neck
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Surgery, University of Brescia, Brescia, Italy. Group A was eval-
uated retrospectively in December 2008 and gave us the basis
for changing our reconstructive policy detailed in Figure 1,
which was then systematically applied from January 2009
onward in group B, prospectively evaluated (Table I).
Group A
Group A included 89 patients treated between January
1996 and December 2008 in which the reconstructive policy
encompassed use of either PMMC, RF, or ALT flaps. Further-
more, a salivary bypass stent (SBPS) was placed only in patients
previously treated by radiotherapy (RT)/chemoradiotherapy
(CRT), not fixed to the skin, and removed after no more than 15
days from surgery (Table I). No primary tracheoesophageal punc-
ture was ever performed.
Group B
Due to the relatively high incidence of PCF, PES, and
SBPS migration observed in group A, in January 2009 we
changed our reconstructive policy with the purpose of reducing
the incidence of these complications. All patients with primary or
recurrent HSCC requiring PH or CH with/without CE were
prospectively enrolled in group B. In this group of patients we
introduced the first-line use of fasciocutaneous free flaps (RF and
ALT), routinely associated with a long-lasting (45 days) SBPS
fixed to the chin skin, and standardized antibiotic prophylaxis
with sulbactam-ampicillin (or quinolones in case of penicillin
allergy) and metronidazole (after RT/CRT failure). Primary end-
points to be evaluated were the incidence of PCF, PES, and flap
failure that were compared to those observed in the historical
cohort. This group included 105 patients treated and evaluated
between January 2009 and June 2015 (Tables I and II).
Surgical Technique
All reconstructive procedures in group B were carried out
using the same technique by the same senior surgeon (C.P.).
Before starting reconstruction, precise measurements of the
surgical defects were taken (including distance between base of
tongue and proximal esophageal stump, width of base of tongue,
and width of the esophageal stump). A vertical slit 1.5 cm in
length was made at the level of the anterior wall of the esopha-
geal stump. An SBPS (Montgomery Salivary Bypass Tube;
Boston Medical Products, Shrewsbury, MA) was then inserted
in the surgical defect, with its proximal end at the level of the
base of tongue and the distal one cut to lie about 4 cm below
TABLE I.
Characteristics of the Two Cohorts.
Group A Group B
Treatment period January 1996–December 2008 January 2009–June 2015
Type of evaluation Retrospective Prospective
No. of patients 89 105
Age, yr Range, 17–83; mean, 61 Range, 35–85; mean, 66
Gender 79 males, 10 females 89 males, 16 females
Previous RT/CRT 44 (49%) 61 (59%)
First line reconstruction PMMC, ALT, RF ALT, RF
Salivary bypass stent Only in irradiated patients, left for 15 days In all patients, left for 45 days
Antibiotic prophylaxis According to patient characteristics and
risk factors profile
Standardized, nonirradiated patients: ampicillin-
sulbactam for 15 days; irradiated patients:
ampicillin-sulbactam 1 metronidazole for 15 days
ALT 5 anterolateral thigh; CRT 5 chemoradiotherapy; PMMC 5 pectoralis major myocutaneous; RF 5 radial forearm; RT 5 radiotherapy.
Fig. 1. Flowchart applied since January 2009 as reconstructive algorithm in group B. ALT 5 anterolateral thigh free flap; CE 5 cervical
esophagectomy; CH 5 circumferential hypopharyngectomy; PH 5 partial hypopharyngectomy; RF 5 radial forearm free flap.
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the edge of the esophageal resection. A nasogastric feeding tube
(NGFT) was always placed inside the SBPS (Fig. 2A). The stent
was fixed through the base of tongue to the chin skin by a non-
reabsorbable stitch (Fig. 2B). At this point in the intervention,
we started harvesting the planned free flap (chosen on the base
of length of the surgical defect, available recipient vessels in the
neck, body habitus, comorbidities, vascular abnormalities, and
patient preferences). After pedicle ligation, the free flap was
transposed into the neck and sutured in a horseshoe shape with
the lateral edges of the residual posterior remnant of the hypo-
pharynx in case of PH (Fig. 2C), or directly to the prevertebral
fascia in case of CH (Fig. 2D,E). No complete tubulization of the
flap was ever attempted to get the largest neopharynx possible
with the smallest skin paddle harvested. When reconstruction
was performed by ALT, the flap was sutured using a two-layer
closure, with the fascia lata wrapped around the neopharynx to
reinforce the suture lines (Fig. 2F). Free flap viability was
checked by pin-pricking the skin monitor externalized above the
stoma in case of ALT or through a stab wound in the middle of
the cervical skin flap in case of RF (Fig. 2G). Antibiotic prophy-
laxis with ampicillin-sulbactam (associated with metronidazole
after RT/CRT failure) was routinely started during surgery and
protracted for a minimum of 2 weeks after surgery. The NGFT
was usually removed 12 days after surgery, and a liquid-to-soft
diet started with the SBPS in situ. Tracheoesophageal puncture
was never attempted, primarily due to concomitant level VI and
VII lymph node dissection and ensuing separation of trachea
and esophagus below the sternal notch. The SBPS was removed
through the mouth at 45 days after surgery in the outpatient
clinic.
Statistical Analysis
In both groups, we evaluated the flap success rate, incidence
of complications, and PCF and PES occurrence to quantify the
benefit of the new surgical strategy.
The following variables were evaluated by univariate anal-
ysis using Fisher exact or v2 tests to identify factors predictive
of complications (flap failure, PCF, and PES): group of patients
(A vs. B), preoperative RT/CRT, extension of the defect (PH vs.
CH vs. CE), and type of reconstruction (fasciocutaneous free
flaps vs. PMMC). Multivariate logistic regression analysis was
used to further evaluate the association between those variables
and complications. A two-tailed P < .05 was considered statisti-
cally significant. Statistical analysis was carried out using Stata
software version 13.0 (StataCorp, College Station, TX).
RESULTS
Group A
In group A, 18 (20%) patients were submitted to
CH and 71 (80%) to PH. Seventeen patients (19%) had
surgical resection extended to the CE. Primary recon-
structive options encompassed PMMC in 39 (44%), RF in
46 (52%), and ALT in 4 (4%) patients. SBPS was used
only in 44 previously irradiated patients and left in
place up to its dislocation (n 5 10), excessive pain/dis-
comfort (n 5 8), or for a maximum of 15 days (n 5 26).
One (1%) perioperative death occurred after a major
bleeding 25 days after surgery. Flap failure occurred in
four (4%) patients (one RF, three PMMC) and was sec-
ondarily managed by PMMC in all cases. One of these
revised patients developed a PCF, whereas another pre-
sented a PES, both of which were treated conservatively.
In successfully primarily reconstructed patients, we
encountered 22 (26%) PCFs after a mean of 6 days (range,
3–8 days); 17 were cured by medical treatment with local
curettage and antibiotic therapy in association or not with
hyperbaric oxygen therapy (HOT), and eight needed revi-
sion surgery with direct suture (n 5 5) or PMMC (n 5 3).
Fourteen (16%) patients experienced late PES, which was
managed by endoscopic dilatations in 11 patients (single
procedure in six, multiple in four patients), a second free
flap in one, and permanent gastrostomy tube in three
cases. Further surgical complications were encountered in
22 (25%) patients: nine (10%) wound dehiscence managed
by medical treatment, six (7%) bleedings requiring revi-
sion, 4 (4%) chylous leaks (managed by compressive dress-
ing in 3 cases and requiring PMMC in one), and three
(3%) neck abscesses requiring drainage.
In this group, PCF occurred in 16 (24%) patients
submitted to PH and in six (33%) patients submitted to
CH. Of these, four (23%) had CE extension. No statisti-
cally significant difference was demonstrated. Consider-
ing nonirradiated patients and those previously treated
by RT/CRT, we observed PCF in nine (20%) and 13 (32%)
cases, respectively. Again, we did not evidence statisti-
cally significant difference.
Regarding PES, 11 (16%) and three (17%) patients
had received PH and CH, respectively, whereas seven
(16%) had not received previous treatments and seven
(17%) failed at RT/CRT. In addition, the PES rate was
not influenced by the extension of resection and previous
RT/CRT.
Comparing the use of PMMC with fasciocutaneous
free flaps in terms of functional outcomes and complica-
tions, we found a significant difference in the PES rate
TABLE II.
Comparison of Different Variables Between Groups A and B.
Group A Group B P
Age
65 years 71% 45%
>65 years 29% 65% <.001
Gender
Male 89% 85%
Female 11% 15% NS
Stage
I–III 11% 16%
IV 89% 84% NS
Previous RT/CRT
No 51% 41%
Yes 49% 59% NS
Surgical defect
PH 80% 76%
CH 20% 24% NS
Cervical esophagectomy
No 81% 79%
Yes 19% 21% NS
CH 5 circumferential hypopharyngectomy; CRT 5 chemoradiotherapy;
NS 5 not statistically significant; PH 5 partial hypopharyngectomy; RT 5
radiotherapy.
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Fig. 2. (A) Intraoperative view showing the SBPS (containing the NGFT) inserted after TL with PH. (B) Intraoperative detail showing the non-
reabsorbable stitch going through the base of tongue (up to the chin skin) placed to prevent postoperative migration of the SBPS. (C)
Reconstruction of a PH defect using an RF free flap sutured to the posterior remnant of the hypopharyngeal mucosa. (D) Intraoperative
view after TL with CH. The mucosal margin of the posterior wall of the oropharynx and the posterior part of the esophageal stump are
sutured to the prevertebral fascia. (E) Reconstruction of a CH defect with an ALT free flap. The lateral edge of the skin paddle is being
sutured to the prevertebral fascia. (F) Surgical field after insetting of an ALT free flap. The fascia lata has been wrapped around the neopharynx
to reinforce the pharyngeal closure. (G) Intraoperative view before skin closure showing the skin monitor of a RF free flap sutured to the cervical
skin and the nonreabsorbable stitch fixing the SBPS to the chin skin. ALT 5 anterolateral thigh; CH 5 circumferential hypopharyngectomy;
NGFT 5 nasogastric feeding tube; PH 5 partial hypopharyngectomy; RF 5 radial forearm free flap; SBPS 5 salivary bypass stent; TL 5 total
laryngectomy. [Color figure can be viewed in the online issue, which is available at www.laryngoscope.com.]
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(28% vs. 8%, P 5 .012) in favor of free flaps, with no dif-
ference in PCF (31% vs. 20%, P 5 .243) or flap failure
rates (8% vs. 2%, P 5 .221).
Group B
In group B, 25 (24%) patients were submitted to
CH and 80 (76%) to PH. CE was associated in 22 (21%)
cases. Reconstructive options encompassed RF in 46
(44%) and ALT in 59 (56%) patients. An SBPS was
placed in all patients and removed after 45 days, with
stent migration requiring early removal in only two (2%)
patients due to rupture of the stitch at the level of the
chin skin. There were no perioperative deaths. Flap fail-
ure occurred in six (6%) cases and was secondarily man-
aged by PMMC in all cases. Among these patients, one
later developed PCF and was managed by conservative
treatment. Considering all viable flap transfers, we
encountered seven (7%) PCFs after a mean of 20 days
(range, 14–28 days); two were cured by medical treat-
ment with local curettage and antibiotic therapy, and
five needed revision surgery with direct suture of the
PCF. Three (3%) patients experienced late PES (success-
fully managed by a single endoscopic dilatation in two
and three procedures in one patient). Further surgical
complications were encountered in 27 (26%) patients: 18
(17%) wound dehiscence (managed by local medications
in 16 cases, HOT in one, and PMMC in one), five (5%)
bleedings requiring revision, two (2%) cervical spondylo-
discitis managed by medical treatment, one (1%) venous
thrombosis of the microvascular anastomosis managed
by surgical revision without subsequent flap failure, one
(1%) cervical abscess managed by local medications, and
one (1%) chylous leak treated with compressive dressing.
PCF occurred in five (7%) patients submitted to PH
and in two (9%) submitted to CH (P 5 .759). Three (8%)
PCFs occurred in previously untreated patients and four
(7%) after RT/CRT (P 5 .908). Moreover, PCF occurred
in five (12%) RF and in two (4%) ALT (P 5 .127) cases.
Distribution of PES was as follows: one (1%) PH
versus two (8%) CH, two (5%) RF versus one (2%) ALT,
and one (2%) na€ıve versus two (3%) post-RT/CRT. The
PES rate was not significantly influenced by the above-
mentioned variables.
Group A Versus Group B
Comparing complications between groups A and B,
we found a significant difference in favor of group B for
both PCF (P < .001) and PES (P 5 .001). On the
contrary, flap failure rate did not show any significant
difference between the two groups (P 5 .702).
Multivariate analysis confirmed the statistically sig-
nificant difference between the two groups in terms of
PCF (P 5 .016), whereas other variables analyzed were
not significant (age, preoperative RT/CRT, CH vs. PH,
CE, and use of free flaps). On the other hand, consider-
ing the same variables in relation to PES rate, only the
use of free flaps was related to a significant difference (P 5
.015), whereas none of the other variables were significant
between groups.
DISCUSSION
Since CRT became the primary treatment for most
advanced laryngeal and hypopharyngeal squamous cell
carcinomas, surgery has usually been reserved for
locally advanced and persistent/recurrent diseases. In
such cases, primary closure of the neopharynx at the
end of TL with CH or PH may not be possible, or may
carry a high risk for PCF and PES due both to the hypo-
vascularized residual tissue after RT/CRT39 and a scarce
amount of healthy mucosa after extensive resections for
advanced tumors. In consideration of the poor long-term
survival of these patients, it is mandatory to employ a
reliable one-stage reconstruction, granting at the same
time good functional outcomes, limited morbidity, and
rapid rehabilitation of swallowing with early resumption
of oral feeding. A number of techniques have been
described to achieve these outcomes, including PMMC,
gastric pull-up, free jejunal transposition, and fasciocu-
taneous free flaps. However, careful evaluation of pros
and cons of each technique is mandatory and should
take into consideration individual patient characteristics
and specific risk factors.9 It is well known that patients
with head and neck cancer frequently have a long his-
tory of tobacco and alcohol consumption associated with
significant comorbidities. For this reason, major recon-
structive procedures requiring laparotomy/laparoscopy
may deplete their functional reserve and further impact
their general status. In particular, free jejunal transposi-
tion is frequently associated with postoperative ileus,
potentially leading to major complications, prolonged
recovery, and longer hospital stay. In this view, although
functional results are, in the best case scenario, compara-
ble with those obtained using fasciocutaneous free flaps,
there is a higher perioperative mortality frequently related
to abdominal complications,5,7,9,15,22–38 even when consider-
ing large series of patients.40 On the other hand, pedicled
flaps such as the PMMC are more suited as an alternative
to free flaps in patients with general or local contraindica-
tions for microsurgery.5,7,9,15,18–21 In this view, a study by
Lee et al.41 showed a lower rate of medical and pulmonary
complications in PMMC but an increase of surgical ones.
In fact, the thickness and weight of such a pedicled flap
can lead to loss of suture tightness with subsequent onset
of PCF or PES due to excessive bulk. This has been dem-
onstrated in a meta-analysis by Chao et al.42 who reported
significantly higher rates of PCF (24.7% vs. 8.9%, P <
.001) and requirement for revision surgery (11.3% vs.
5.5%, P 5 .04) in PMMC in comparison with fasciocutane-
ous free flaps.
In our series, we observed a significant reduction of
PCF and PES from group A to group B: 26% vs. 7% (P <
.001) and 18% vs. 3% (P 5 .001), respectively, confirming
the advantages of our policy based on the first-line use of
fasciocutaneous free flaps together with long-lasting
SBPS. These data are in agreement with those published
by Yu et al. showing PCF in 9% and PES in 6% in a
series of 114 patients submitted to TL and reconstruction
with ALT.13 Similarly, Lopez et al. reported PCF in 9%
after reconstruction with RF or ALT and SBPS placement
(16% with RF and 3% with ALT).43 This is also confirmed
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by smaller series employing RF or ALT together with
SBPS for hypopharyngeal reconstruction. In particular,
Varvares et al.44 published a retrospective study on 20
patients who had undergone reconstruction of the hypo-
pharynx and CE using an RF and SBPS with an overall
rate of PCF of 20% and PES of 10%. Finally, no patient
in the series reported by Murray et al.11 developed PCF
using an ALT with a SBPS, even if this series included
only 14 subjects.
The use of SBPS was first introduced to divert sali-
vary flow in patients who developed fistulae. As already
mentioned, Lopez et al.,43 Varvares et al.,44 and Murray
et al.11 described the use of fasciocutaneous free flaps in
conjunction with the SBPS to minimize exposure of the
anastomotic suture line to saliva during the early heal-
ing phase. This may help in reducing the incidence of
PCFs, anastomotic leaks, and PES as also confirmed in
our series. A study by Punthakee et al.45 further rein-
forced this hypothesis showing (by univariate analysis) a
significantly lower PCF rate in patients receiving SBPS
(22.4% vs. 7.4%, P 5 .048). Our choice to leave the SBPS
in place for 45 days is related to our previous experience
where we observed development of PCFs until the 40th
postoperative day. Fixation of the SBPS to the chin skin
has been demonstrated to reduce postoperative discom-
fort related to the presence of a foreign body at the level
of the base of tongue and prevents its dislocation into
the distal esophagus or stomach, as reported in the liter-
ature.11,43,44,46 This occurred in only 2% of patients of
our prospective cohort.
Regarding surgical technique, there is no clear indi-
cation on the ideal flap configuration for reconstruction
of CH. However, it is important to not underestimate
the impact of this aspect on outcomes and complications.
In this view, the majority of authors do not detail their
surgical technique or describe the employment of fascio-
cutaneous flaps in a tubular fashion when reconstruct-
ing CH defects, with highly variable outcomes, going up
to 53% for PCF and 36% for PES.9,47,48 In our experi-
ence, suturing in a horseshoe shape the lateral edges of
the free flap to the prevertebral fascia for CH leads to a
large neopharynx, with low PES rates and reduced
amount of tissue needed for reconstruction, thus favor-
ing the wound closure at the level of the donor site. In
fact, the amount of transferred tissue was maximum 14
cm in length and 8 cm in width, allowing direct suture
at the ALT donor site and minimizing the size of skin
graft in the RF (usually applied for smaller defects).
Favorable outcomes have also been confirmed by other
authors applying this technique, with PCF and PES
rates not exceeding 13% and 5%, respectively.7,43
Furthermore, our results do not show any significant
difference in terms of surgical outcomes when considering
irradiated and nonirradiated patients. This may be
related to the favorable influence of bringing well-
vascularized tissue to a less-vascularized surgical bed,
thus improving wound healing.49 Moreover, use of ALT in
such circumstances allows employing the fascia lata as a
second layer for the external reinforcement of the suture
line. When needed, this flap can also be harvested with a
double skin paddle to reconstruct part of the cervical skin
if heavily damaged by RT/CRT and/or previous surgery.
CONCLUSION
Our study demonstrates that fasciocutaneous free
flaps represent a reliable and successful reconstructive
option after TL extended to the hypopharynx and cervi-
cal esophagus, regardless of the primary or salvage set-
tings in which reconstruction is needed. Their use in
conjunction with a long-lasting SBPS allowed for signifi-
cant reduction in the incidence of PCF and PES in the
prospective cohort of patients herein considered.
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